Abstract A data-only interface between a Z80 based microcomputer and a Biomation 8100 waveform recorder is described. Details of the necessary hardware and software are given. The software reads the 8100 memory and performs signal averaging. This system is compared with other signal-averaging systems.
The averaging of fast signal transients is particularly valuable in measurements involving pulsed laser systems. A common approach (Oldenberg et a/1978 , Badea and Georghiou 1976 , Nedelec and Dufayard 1978 uses the boxcar averager usually with baseline correction and dual signal channels to permit source ratioing operations. If the time evolution of the signal is to be followed with good resolution the short sampling time of the boxcar gate loses the majority of information available in the signal. A more efficient approach is to store the output . of an analogue-to-digital converter in digital memory. If the response time of the input amplifier is comparable with the gate time constant of the boxcar such a system enjoys an advantage in information content equal to the number of channels of memory. For a 'N' channel system the same signalto-noise ratio in the overall waveform can be achieved in N-lj2 times the number of transients needed in a boxcar system. Hard-wired signal averagers are generally too slow for the fast transients encountered in pulsed laser work on account of the limited speed of the real time arithmetic operations. A better solution for a repetitive pulse system is to use a transient digitiser coupled to a computer for delayed averaging operations. In this way the speed of the digitiser in real time can be coupled to the flexibility in processing afforded by the computer. For example the computer can make the appropriate baseline correction, subtract repetitive spurious transients such as the RPpick-up often present when a pulsed laser is fired, or integrate the total luminescence following a laser pulse. The 10 ns sampling period of the Biomation 8100 waveform recorder and its 2048 channel memory make it compatible with the time scale of many laser excited experiments e.g. the typical 5-10 ns pulse length of dye lasers excited by a nitrogen laser (Broyer et a/1975) . Since the cost of this unit is not much greater than a dual channel boxcar integrator we believe that its applicability in signal averaging is likely to be quite general. In this paper we describe a data-only interface to a microcomputer needed to 0022-3735/81/040468 + 04 $01.50 @ 1981 The Institute of Physics complete an averaging system. Such an interface must operate fast to take advantage of the maximum possible repetition rate of the experiment. There are two reports of comparable interfaces. The first (Bialkowski and Guillory 1977) uses serial data transfer and is too slow for our application, the second (Lynk 1979) uses 'direct memory access' hardware in a microcomputer together with a certain amount of additional interface hardware. The 2048 word memory can be read into the computer memory in 4 ms but additional time is required for the processing associated with averaging. The interface described here is intrinsically simple, using only the Z80-Parallel I/O controller (Z80-PIO) available in many Z80 based microcomputers and is capable of rapid transfer rates. excited by a pulsed dye laser. For our purposes the main points of interest are that the computer used is a 380Z (made by Research Machines Ltd, of Oxford). It has a Z80A microprocessor, a Z80-PIO which can be addressed by the Z80A and 48K of random access memory (RAM). The laser trigger circuit provides an external trigger for the 8100.
The wiring between the 8100 and the Z80-PIO is given in table 1. For cable lengths of less than 2 m no buffers are required. A monostable (e.g. a 74121) lengthens the FLG pulse from the 8100 to more than 500 ns the minimum pulse length specified for the Z80-PIO. In our system satisfactory operation can be obtained without lengthening the FLG pulse but our PlO may be atypical. Transfer of data along the data lines is in a bit parallel, byte serial manner and is controlled, in an unusual manner, by the handshake lines. The relationship between the Z80A and Z80-PIO is described by Cairns and Shepherd (1980) Appendix I contains the software (with comments) for reading and averaging the 8100 output. It is written in Z80 mnemonic code as defined in the Z80 Programming Manual and needs to be assembled using a Z80 assembler, several of which are commercially available. This particular program was assembled using ZASM an assembler obtainable from Research Machines Ltd. The program is written in modular form. The assembler code can be patched onto a Basic interpreter. Basic calls the subroutines BEGIN and BREAD having first cleared an area of memory for the 8100 data.
The BEGIN subroutine programs the Z80-PIO. It provides half of the interrupt address to the PlO (the other half being available in the interrupt address register), selects the input mode and enables the PlO interrupt.
The BREAD routine uses the BIOCL subroutine to clear the 8100 memory, thereby setting the 8100 into its RECORD mode. The 8100 must first have been manually switched to its AUTO condition. The trigger signal from the laser initiates the recording of the phototube signal. At the end of the recording period the FLG goes active and sets an interrupt causing the program to come out of its HALT state and enter the READ subroutine. After the READ subroutine is finished the 8100 memory is emptied and it returns automatically to the recording mode, but an interrupt remains on the port waiting to be serviced. This interrupt is cleared and the computer is returned to its HALT state waiting for an 'end of record' FLG signal from the 8100 to initiate another data transfer. Using this method, laser trigger pulses can asynchronously trigger the 8100. If the repetition rate exceeds that determined by the processing time of READ the system is not 'confused'. It merely misses some of the events because the 8100 has not been returned to the recording mode when the trigger pulse arrives. The number of shots to be averaged is determined by a Basic program which POKES a number into location CTR. The number of averages should not exceed 256 because the 16 bit numbers in the buffer used by READ can overflow for more than 256 shots. The buffer must be scaled or expanded so that additional data can be preserved. We have routines which permit the averaging of (256)2 shots but these are not included in this paper.
The READ subroutine reads 2024 bytes from the 8100. Each byte is converted from the 8100 two's complement code to the range 0-255. The result is summed in a 16 bit add with the accumulated result of previous additions retrieved from a 4 k buffer that starts at an address called MFIRST. The result of the addition is then saved at the same address in the buffer. The routine is completed by reading the remaining 24 bytes of non-valid data. These are not processed and are not stored in memory. Since its memory has been completely read the 8100 automatically returns to its recording mode.
The efficiency of the READ subroutine determines the repetition rate of the averaging process. It takes 182794 T states or~45.7 ms for the Z80A CPU (4 MHz clock) to execute the READ subroutine. Signal averaging can therefore be performed at 20 Hz which is compatible with the optimum laser repetition rate for our laser system (15-20 Hz). To obtain this rate it was necessary not to use full handshake control to transfer each data byte. The computer does not wait for the 8100 to respond to its request for data before executing the next IN statement. This can be done because the 8100 can supply data words much faster than the cycle time of the READ routine. To perform a jump on interrupt and RETI for every byte transfer would take an extra 29 T states per byte or an extra 29 x 2048 =59392 T states, 14.8 ms per loop.
Ignoring the 8100 FLG signals resulting from data requests introduces difficulties. When the computer completes the READ and BIOCL subroutines the unserviced FLG signals have created an interrupt which has to be cleared. If the interval between requests for bytes from the 8100 is longer than 100 J-Ls then the 8100 may enter a memory refresh cycle, introducing a latency period of~1 ms during which no output is available. In the absence of full handshaking the computer is unaware of this situation and can read invalid data. As the READ subroutine stands the interval between requests for bytes is~22.3 J-Ls. Routines which do not use full handshake control and allow more than 100 J-Lsto elapse between byte transfer will receive invalid data. In particular 2048 IN instructions may fail to empty the 8100 memory so that it does not enter the recording mode. This problem is encountered with BIOCL routine whose execution starts at an arbitrary time after and an 'end of record'. The 8100 can therefore be in a refresh latency period of up to 1 ms. A BIOCL input cycle takes~5 J-Ls so that up to 200 data bytes may fail to be read during the latency. This routine provides for this eventuality by reading an extra 256 bytes beyond the 2048 bytes of 8100 memory.
The interface described above is simpler to implement than that of Lynk (1979) . While data transfer by means of direct memory access (DMA)used by Lynk takes only 4 ms, the additional processing time required to implement real time signal averaging may well be in excess of the time required for the equivalent operations in the present system. The program necessary to generate accumulated data running on the Z80A CPU actually takes more time to process a byte retrieved from memory (after loading under DMA)than to retrieve the same byte direct from the input port. This arises because of the additional time required to create the necessary memory addressing. Our implementation should be general for any system using a Z80 CPU, Z80-PIO and a minimum of 6 k RAM. It should be pointed out that the 8100 has two analogue input channels which can be multiplexed into the data memory with the appropriate software. It is therefore possible to ratio the signals in the two channels providing an equivalent reference compensation to that used in dual channel boxcar C N Ironside and R G Denning systems. The pretrigger facility of the 8100 allows for facile baseline correction. Finally we wish to highlight a deficiency of fixed gate dual channel integrators commercially available as pulse laser photometers. The pulse shaping facilities in these systems are only appropriate for signals with rapid ( < 1 fLS) rise times. If luminescence is measured, energy transfer processes may lead to long signal rise times which cannot be processed in such an analogue system. The digital system described here is able to integrate the luminescence signal regardless of its detailed time evolution.
